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1. Introduction
In the forest-based sector, wood harvesting and 
wood transportation has significant economic impor-
tance, accounting for 50% to 70% of the timber final 
cost, 30% to 50% in pulp and paper production, and 
50% to 80% in wood products (Lews 2008, Machado 
2014).
Currently, these operations have been carried out 
by means of increasingly sophisticated, automated, 
high cost, machines with high productivity (Lopes 
2001, Machado 2014). In this sense, the high produc-
tion costs of wood harvesting are directly affected by 
the hourly productivity of machine operators. Produc-
tivity depends on the characteristics of the site, species, 
machines, and machine operators (Lopes et al. 2011). 
Kärhä et al. (2004), Ovaskainen (2005), and Pürfurst 
(2010) reported that experienced operator productiv-
ity varied by about 50% among operators. During the 
training period, this variation can reach 120%. So this 
significant variation becomes an important issue to be 
studied.
According to Pagnussat and Lopes (2017), and 
 Pürfurst (2010), the greatest challenge for the imple-
mentation of new technologies in the area of wood 
harvesting is the shortage of qualified professionals to 
operate and maintain the highly complex and techni-
cal machines. Therefore, in order to improve the effi-
ciency and productivity of forest operations, it is cru-
cial to select operators with good training, motor skills, 
as well as their personality combined with their indi-
vidual capacities (Harstela 2004, Volodina et al. 2015).
In South Africa, Wenhold et al. (2019) found that 
the results of cutting with harvester were 60% lower 
than shown by the population mean test. These analy-
ses were performed in thinning operations and in-
clude processing of the wood, besides all others field 
and forest variables. Yet the authors have ultimately 
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found that the operators reached the end of their learn-
ing curves after an average of six to nine months, and 
increased their productivity performances by 104% to 
218% since they started using the simulator training.
The mechanized harvesting of wood, being a very 
repetitive activity, is an operation very influenced by 
the experience and skill of the operator (Pürfurst 2010, 
Lopes et al. 2011). The ability of an individual is re-
lated to the capacity to fulfill a specific task with a 
certain level of skill and expertise (Ferreira 2009). This 
skill and expertise can be acquired over time, and 
prior work has confirmed that skill acquisition occurs 
in adult individuals in a variety of contexts, such as 
work, leisure, or rehabilitation (Anguera et al. 2011, 
Heuer and Hegele 2015).
Although motor ability increases through practice 
(Corrêa et al. 2010), the rate of acquisition is highly 
variable among individuals. Therefore, neuroscien-
tists, who study motor skills, seek to understand these 
neurocognitive processes related to this motor skill 
learning given the motor cortical plasticity that in-
volves differential neural systems and cognitive pro-
cesses (Kim et al. 2015, Seidler and Carson 2017).
Brain plasticity is the adaptive capacity of the ner-
vous system in response to experience, such as adapta-
tion to repeated stimuli and conditions. However, this 
development depends on internal processes that vary 
between individuals, which are affected by factors 
such as the individual’s age, body part to be devel-
oped, physical capacity or even motivation and atten-
tion (for a review, see Wulf and Lewthwaite 2016). It 
may also be said that a person’s individual motor skills 
respond is responsible for performing an action in a 
constant way over time different from the others 
(Schmidt and Wrisberg 2008).
The wood harvesting activity is a bimanual task, 
requiring the use of both cerebral hemispheres as well 
as fast and efficient communication between the hemi-
spheres. Synchronous and precise coordination of the 
activity of the two hands is important. This ability also 
impacts both daily routine tasks and many manual 
skills (such as playing a musical instrument) (Seitz et 
al. 2004, Jeeves et al. 1988).
The complexity between-hand temporal constraints 
of discrete coordination may rely more on interhemi-
spheric control (Stancak et al. 2003). This work suggests 
that we may find specific differences in continuous bi-
manual activity, which relies on the corpus callosum 
for inter-limb temporal coordination from different 
people, ages or conditions (Kennerley et al. 2002).
In this context, it is hypothesized that people have 
significant differences in motor ability affecting per-
formance in training forest machine operations. The 
goal of this research was to determine whether there 
are significant differences in the motor skill of forest 
machine operators, in the initial phase of the simulator, 
Fig. 1 Studied area (Source: Google maps)
Bimanual Motor Skill in Recruitment of Forest Harvest Machine Operators (25–33) M. Pagnussat et al.
Croat. j. for. eng. 41(2020)1 27
and if this lack of ability is consistent during their 
learning curve. This information can contribute to ad-
ditional methodology used in operator identification 
and evaluation.
2. Material and Methods
The research was carried out at the Training Center 
for Forest Operators (CENFOR), at the Midwest State 
University (UNICENTRO) in Parana – Brazil (Fig. 1). 
The study was carried out on a random sample of 12 
individuals (4 female, 8 male) ranging in age from 18 
to 24, with no history of brain lesions and with no 
experience as machine operators.
2.1 Equipment Used
Virtual reality simulators were used, using the Sim-
log Simulation Launcher harvester simulation pro-
gram, mounted on computers and equipped with 
joysticks (Fig. 2).
2.2 Data Collection
Data were collected in 5 consecutive days totaling 40 
hours of training. In total, the simulator was in use for 
data collection for 3 weeks – one for each group tested 
in three distinct weeks. Survey participants received 
basic information about the forest cutting operation and 
basic instructions on the functions and commands of the 
virtual simulator; they also took part in the simulation 
of the forest cutting operation for an initial period of 15 
minutes to adapt to commands and simulations.
The training simulation program consisted of 7 op-
erational modules: module 1 (joysticks commands), for 
2 hours; module 2 (control of movements), for 6 hours; 
module 3 (single-tree cutting), for 8 hours; module 4 
(single-tree cutting and logging), for 6 hours; module 5 
(simple processing and stacking) for 6 hours; module 6 
(multiple stacking and logging) for 4 hours; and mod-
ule 7 (processing), for 8 hours (Lopes et al. 2018).
The simulation module 2 was designed for motor 
skill assessment in the virtual reality simulator. In 
Fig. 2 Virtual reality simulator on computers equipped with joystick
Fig. 3 Virtual reality simulator module 2 (A – Cut, B – Felling)
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module 2, the task was to execute the cutting opera-
tion, that is, to fell and process a single tree per simula-
tion cycle (Fig. 3).
The data were collected at intervals of 0.5; 1.0; 1.5; 
2.0; 3.0 and 4.0 hours, evaluating the following vari-
ables: »run time«, »fall direction« and »cutting height«, 
the operation being described by the evaluated vari-
ables as presented in Table 1.
After the training period, we analyzed the partici-
pant’s performance and they were classified according 
to their initial results of the »run time« variable in the 
first evaluation. Following the Gaussian distribution, 
three subgroups were obtained to perform the motor 
skill tests (Table 2).
Finally, a final evaluation after 40 hours of training 
was carried out, using the percentage of all seven mod-
ules covered during the training, in order to evaluate 
whether the performance of the operators in the first 
hours remained constant throughout the training.
For this, the productivity was evaluated in module 
4, where the operator is presented to a scenario more 
similar to a real field situation, involving the cutting, 
processing, and stacking of the wood in a pre-set loca-
tion. An average productivity of the last two hours of 
operation of the participants was calculated.
2.3 Statistical Analysis
The statistical analysis consisted of a factorial de-
sign, with motor skills of individuals in the three 
classes of operators as treatments, being evaluated in 
six test periods of time. The variances were analyzed 
by the Bartlett test and the means compared by the 
Tukey test post hoc at the 95% level of significance.
The comparison of the means of productivity of the 
individuals in the final modules of training and of the 
use at the end of 40 hours of training was also per-
formed to analyze if the classes maintained the initial 
ranking. A Tukey test was used post hoc at the 95% 
level of significance.
3. Results
The performance of the individuals studied based 
on three variables is shown in Table 3. When analyzing 
the skills of the operators among operators’ classes, 
the operators in class 1 had better performance scores 
in all variables studied, however on »run time« and 
»cutting height«, there were significant differences at 
the 5% probability level. It is important to note that the 
shorter the »run time«, the greater the operator’s agil-
ity in performing the action.
In the variables »run time« and »cutting height«, 
the operator classes showed significant differences 
between them (p value < 0.0005). However, the vari-
ables »cutting height« and »fall direction« did not 
present significant differences among them across the 
simulator training sessions.
Figs. 4 and 5 show the individuals’ motor skills 
studied by the variables »cutting height« and »run-
time« in the three performance classes during the ex-
ecution time of the simulations.
The individuals presented a difference of ability in 
the three performance classes evaluated, showing im-
provement in the operation, but did not present statis-
tically significant gain during the first four hours of 
operation in relation to »cutting height«.
Table 1 Description of variables evaluated in the execution of module 2 of the harvester simulator
Variable Description module
Run time, s Time required to execute the cutting cycle of a tree, in seconds
Fall direction, degrees Error of orientation of falling of the tree in degrees, in relation to the pre-determined marking by the simulator
Cutting height, cm Relationship between the positioning height of the cutting set in relation to the pre-determined marking by the simulator
Table 2 Description of profile classification
Class Run time, s Person in group Description
1 11–40 3 They performed the operation in less time, demonstrating a good understanding of movement and great motor skill
2 41–70 5 They performed the operation in an average time, demonstrating understanding of movement and motor skill
3 71–100 4 They performed the operation with difficulty, over a long period of time, demonstrating difficulty of movement with less motor skill
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Regarding the variable »run time« of the cut off 
cycle, it can be noted that individuals in the three per-
formance classes maintained the same ranking over 
the period evaluated; namely, between 30 minutes and 
4 hours of evaluation, individuals maintained their 
positions in each class.
There was a significant difference in skill gain 
over the 4 hours of execution. Therefore, a very sig-
nificant gain was observed in the first four hours of 
operation.
Table 4 presents the percentage of total perfor-
mance of the three classes of operators at the end of 
the training process. As can be seen, the individuals 
studied in the profile classes maintained a mean per-
formance difference, with the same rating of the first 
4 hours of operation, during all 40 hours of training.
Table 3 Performance scores obtained by individuals performing the skill test in relation to variables evaluated in virtual simulator
Variable »Run Time«, s
Class
Skill test duration time, h














SD 4.38 2.33 2.36 2.62 3.13 3.57
2
A 55 Ba 49 Bab 42 Bbc 43 Bbc 34 Bcd 31 Bd
SD 3.42 – 5.45 – 4.73 – 4.95 – 5.41 – 3.57
3
A 80 Aa 70 Aab 65 Abc 65 Abc 50 Acd 39 Ad
SD 4.47 – 5.73 – 3.73 – 4.22 – 5.12 – 3.95
Variable »Fall direction«, degrees
Class
Skill test duration time, h
0.5 1 2.5 2 3 4
1
A 12.7 Aa 9.7 Aa 9.7 Aa 8.5 Aa 9.5 Aa 9.7 Aa
SD 2.41 – 3.12 – 2.73 – 3.91 – 2.92 – 3.81 –
2
A 14.8 Aa 12.6 Aa 11.2 Aa 12.3 Aa 11.7 Aa 12.5 Aa
SD 3.15 – 4.35 – 3.84 – 4.15 – 2.38 – 3.23 –
3
A 18.0 Aa 9.5 Aa 8.8 Aa 10.1 Aa 8.9 Aa 9.5 Aa
SD 3.56 – 2.42 – 4.54 – 3.52 – 3.16 – 3.57 –
Variable »Cutting height«, cm
Class
Skill test duration time, h
0.5 1 2.5 2 3 4
1
A 7.5 Ba 5.8 Ba 5.1 Ba 6.4 Ba 5.4 Ba 5.8 Ba
SD 2.21 – 2.48 – 2.29 – 3.6 – 2.46 – 3.91 –
2
A 10.6 ABa 8.8 Aba 7.0 Aba 5.8 ABa 6.0 Aba 7.5 ABa
SD 3.56 – 2.44 – 2.90 – 3.54 – 2.6 – 3.41 –
3
A 13.4 Aa 11.6 Aa 8.3 Aa 10.8 Aa 10.5 Aa 8.2 Aa
SD 2.66 – 3.65 – 3.73 – 3.18 – 2.45 – 3.69 –
* Averages subscripted by the same letter do not differ statistically from each other, *SD = Standard Deviation, *A = Average value
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Fig. 6 shows the productivity results of the last 
simulator modules, where module 6 refers to the fell-
ing, processing and stacking of several trees and mod-
ule 7 only refers to the processing of trees.
The average performance in the three classes of op-
erators presented differences, but there was no signifi-
cant difference in the variables evaluated between the 
first two performance classes at the end of the training. 
However, the first two classes presented a significant 
difference in relation to the third class of operators.
4. Discussion
The significant differences between the variables 
»run time« and »cutting height«, and the non-signifi-
cant differences among the variables »cutting height« 
and »fall direction« may have occurred because in the 
first moments of the operation, the individual is in-
structed to perform the task correctly, focusing on 
quality regardless of time. In this way, individuals 
required more patience than skill for the quality of the 
cut. According to the data, very little variation was 
Fig. 4 Performance of individuals of different profiles in the first 
hours of operation in relation to the variable »cutting height«
Fig. 5 Operation performance in the first hours of the variable »run 
time«
Fig. 6 Performance of individuals in profile classes at the end of 
training in virtual reality simulator
Table 4 Variation of performance of individuals in profile classes 
during training
Class
Final performance of operators
in virtual simulator, %
Standard
deviation
1 97 a 6.3
2 88 ab 6.5
3 78 b 6.9
* Means followed by the same letter do not differ statistically
from each other by the Tukey test at 5% of error probability
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observed along the training period that each individ-
ual took to achieve the end of skill gain period. The 
»run time« (s) tended to stabilize in the first four hours 
of operation of the first module evaluated.
The significant variation in the »cutting height« 
and »run time« variables can be attributed to the fact 
that both variables are more complex. In the case of 
»run time«, greater agility is required of the individu-
al to develop operational skills more quickly. How-
ever, for the »cutting height« variable, more specific 
characteristics are needed for a future operator, such 
as greater attention to detail, depth and spatial percep-
tion.
The individuals presented a difference of ability in 
the three performance classes evaluated, showing im-
provement in the operation, but did not present statis-
tically significant gain during the first four hours of 
operation in relation to »cutting height«. This result 
can be attributed to the fact that operators are initially 
instructed to carry out the operation carefully, focus-
ing on quality independent of time.
Therefore, it can be observed that individuals pre-
sented significant differences in preliminary motor 
skill assessment. As Lopes and Pagnussat (2017) ar-
gued, not all people have the same ability to perform 
forest machine operations, reinforcing the fact that 
individuals are different and do not have the same 
capabilities in a given function.
Regarding the variable »run time« of the cut off 
cycle, it can also be noted that individuals in the three 
performance classes maintained the same ranking 
over the period evaluated. Therefore, it is possible to 
affirm that the test to evaluate the motor skill of indi-
viduals to the position of forest machine operator can 
be applied within a duration of 30 minutes, allowing 
evaluation of candidates during the selection process.
In this sense, these results can be explained by the 
difference between the individuals. According to 
 Chiavenato (2010), people differ both in the ability to 
learn a task and in the level of its accomplishment after 
learning. Individuals present large individual differ-
ences, both physical (height, weight, sex, physical fit-
ness, strength, visual and auditory acuity, resistance 
to fatigue, etc.) and psychological differences (tem-
perament, character, aptitude, intelligence, etc.) that 
lead to different behavior, perception, and perfor-
mance in a given motor context.
The difference of ability in the evaluation of the 
three performance classes in relation to »cutting 
height« can be attributed to the fact that operators are 
initially instructed to carry out the operation carefully, 
focusing on quality independent of time.
The variable »cutting height« has a qualitative 
evaluation, so although a slight improvement in per-
formance can be observed as a skill gain, it was not 
statistically significant, and those who found it easier 
to perform the operation demonstrated the same qual-
ity, but with less time.
However, it was possible to evaluate significant 
difference in initial ability between the three classes of 
operators. In this way the operators did not present 
significant gain but they presented performance dif-
ferences between classes of operators, demonstrating 
the skill variation among beginners in the operation of 
the machine simulator.
As some individuals need more time than the ini-
tial hours of training for the movement improvement, 
Lopes et al. (2008) state that »cutting height« is consid-
ered an important variable in the evaluation of opera-
tor performance, since it requires the operator’s coor-
dination in the execution of cuts in different positions, 
besides being a limitation on the quality of the opera-
tion and identification of mistakes made.
Regarding the significant difference in skill gain 
over the 4 hours of execution, in studying the perfor-
mance of operators in similar conditions, Lopes et al. 
(2008) emphasized the significant improvement of 
52% in the performance of operators in the variable 
»run time«, and therefore a very significant gain was 
observed in the first four hours of operation.
In addition, the »run time« is a significant variable 
at the beginning of the training, being fundamental in 
the productivity of the operation and showing great 
importance in the selection process.
The »run time« of the operation requires agility 
and motor skill. Studying the tacit knowledge of forest 
operators in Finland, Ranta at al. (2004) observed that 
a skilled forest operator is able to perform the move-
ments smoothly, using the kinetic energy developed 
during the execution of the operation with synchro-
nized movements, a situation that decreases the »run 
time« and increases productivity.
Table 4 presents the percentage of total perfor-
mance of the three classes of operators. There was 
little difference in productivity between individuals in 
classes 1 and 2, but this difference remained in relation 
to the individuals in class 3. The differences between 
classes 1 and 2 and 3 are considerable at a larger scale, 
since in large production scales, a productive differ-
ence of 24% becomes representative.
The significant difference at the end of the training, 
therefore, shows that the result achieved in the first 
half hour of operation may be indicative of the poten-
tial of the individual’s mechanical ability.
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Thus, the classification determined by the variables 
»run time« and »cutting height« in the first half-hour 
of the skill test were maintained throughout the train-
ing, demonstrating potential use of the virtual reality 
simulator in the determination of individuals with 
greater motor ability to operate forest machines.
5. Conclusion
A significant difference was found in performance 
and motor skills between the different operators, and 
this research indicates a necessity to carry out a more 
rigorous selection process in the future that allows find-
ing the appropriate individual for the position of op-
erator.
The variables »run time« and »cutting height« were 
appropriate as a parameter to assess the motor skill of 
candidates for forestry machine operators, and have 
shown the potential to be used in the selection process.
The motor skill test can be performed with a 30-min-
ute virtual reality simulator, because although the indi-
viduals obtained operating gains in this period, no in-
versions were observed in the overall classification 
before this period.
The virtual reality simulator has proved to be an 
efficient tool for determining motor skills and can be 
used in the selection process of forest harvesting ma-
chine operators.
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